Abstract. Follow-up stool examinations were carried out on two groups of the subjects who were screened negative (group 1) or positive (group 2) for Strongyloides stercoralis by the agar plate culture. This technique could detect S. stercoralis larvae in 87.5-96.4% of the subjects in group 2 and 0-5.9% of the subjects in group 1 on various days of the eight-week and four-week follow-up periods, respectively. The detection rate on each day of examination was not statistically different from that on the first day in both groups. Quantitative measurement of S. stercoralis larvae excreted in the feces of the subjects in group 2 by the standard direct smear method of Beaver and others revealed slight to marked fluctuations of the larval output in individual subjects. From the results of both stool examination methods, it could be implied that 52% of S. stercoralis-infected individuals had low-level infection.
Strongyloides stercoralis is an intestinal nematode of humans with a rather unique biology in that it has a free-living phase outside the host. Human infections due to S. stercoralis are distributed primarily throughout tropical and subtropical regions of the world. 1 Reports of S. stercoralis infections in non-endemic countries were from the ex-prisoners of the World War II 2, 3 or the Southeast Asian immigrants. 4 The clinical spectrum of strongyloidiasis varies from asymptomatic infection, to mild symptomatic abdominal and skin diseases, to fatal disseminated infection in immunosuppressed patients. 5 The reported prevalences of S. stercoralis infection are difficult to ascertain and may have been underestimated because most infections are with low larval densities in the feces. 1 They are also difficult to compare because of the difference in the coprologic methods used to detect the larvae. Earlier methods for the diagnosis of S. stercoralis infection such as the simple direct smear and formalin-ether concentration are often unreliable because of their relatively low sensitivity. In recent years, the agar plate culture technique has been introduced and found to give consistently higher sensitivity (78-100%) than simple direct smear (0-52% sensitivity) and formalin-ether concentration method (13-55% sensitivity). [6] [7] [8] [9] [10] Several immunologic methods have also been used in the diagnosis of strongyloidiasis. Currently, the most widely used method has been the ELISA using crude antigen extracts of filariform larvae as antigens. Most reports on the ELISA for strongyloidiasis have shown consistently high sensitivity, but the specificity has varied widely due to different criteria used for the selection of uninfected individuals. [11] [12] [13] [14] [15] [16] Recently, Western blot analysis has been applied to the immunodiagnosis of strongyloidiasis. Preliminary data have indicated that immunodominant proteins (apparent molecular weights of 41, 31, and 28 kD) of S. stercoralis filariform larvae are recognized by strongyloidiasis sera with high sensitivity and specificity. [17] [18] [19] It is generally known that the detection of S. stercoralis larvae in the feces may be very difficult, especially in chronic cases with low-level infection. 2, 20 This problem may be in part attributed to irregular and low output of the larvae in the feces. Increases in larval detection rates could be obtained by repeated stool examinations, which would reflect the intermittent nature of larval excretion and the fluctuation of larval load in the feces of S. stercoralis-infected individuals. 3, [21] [22] [23] However, none of the studies conducted has systematically addressed the degree of fluctuation of larval load, which could directly assess the severity of S. stercoralis infection. This study describes the follow-up stool examinations of two groups of individuals who were screened positive and negative for S. stercoralis by the agar plate culture. The patterns of larval excretion in the feces were quantitatively assessed by the standard direct smear of Beaver and others. 24 The sera collected from these individuals were also analyzed by the ELISA and Western blotting.
MATERIALS AND METHODS
Studied population. This study was approved by the Research Ethics Committee of the Faculty of Medicine of Chiang Mai University. Volunteers from a village in Amphoe Sanpatong, Chiang Mai Province, Thailand were recruited for the study. Details of the study were explained to them and they verbally agreed to participate in the study. Two hundred fifty subjects 15-80 years of age were initially screened for S. stercoralis infection by the agar plate culture method. Stool specimens were also simultaneously examined by the formalin-ether concentration method. After screening, 60 subjects were purposively selected from each of the S. stercoralis-positive and -negative groups for further followup study. For the follow-up study, stool specimens from the stool-negative group (group 1) were collected on days 0, 2, 4, 7, 14, and 28 and examined by the agar plate culture. Stool specimens were collected from the stool-positive group (group 2) on days 0, 2, 4, 7, 14, 28, 42, and 56 and examined by the standard direct smear in addition to the agar plate culture.
Ten milliliters of blood was collected from antecubital vein from both groups. The blood samples were allowed to clot and the sera separated and stored at Ϫ20ЊC for further analyses by the ELISA and Western blot.
Agar plate culture. The examination of stool by the agar plate culture was carried out according to the method described. 6, 9 Briefly, 3-4 grams of feces was placed on the surface of nutrient agar in a 90-mm diameter Petri dish. The Petri dish was sealed with adhesive tape and left at room temperature for three days. The dish was examined under an inverted microscope daily for the presence of tracks, moving larvae, or free-living adults. The larvae were washed from the dish with 10% formalin for microscopic identification. 
Standard direct smear.
This method is applied to determine the density of S. stercoralis larvae in stool specimens. 24 The principle of this method is to stir a fecal sample in a drop (0.05 ml) of normal saline solution (NSS) such that its turbidity measured by a photoelectric light meter equals that of a standard barium sulfate solution. The photoelectric light meter used to measure the turbidity of fecal suspensions was calibrated with a barium sulfate solution (1 N BaCl 2 :2 N Na 2 SO 4 ϭ 3:2). A drop of fecal suspension with the same meter reading as this standard barium sulfate solution will contain 5 mg of feces. The number of all larvae present in the fecal suspension was determined microscopically and averaged from two examinations. The number of larvae per gram of feces was then calculated.
Preparation of somatic antigens from filariform larvae. Stool specimens from infected subjects were subjected to the filter paper slant culture. 24 After 5-7 days, living filariform larvae (L 3 ) that migrated into the water in the Petri dish were collected and extracted for somatic antigens by a previously described method with slight modification. 17 The larvae were washed extensively with NSS, incubated for 5 min in 0.25% sodium hypochlorite, and washed five more times with NSS. The larvae were suspended in 1 ml of phosphate-buffered saline (PBS) containing protease inhibitors (0.5 mM EDTA, 100 mM phenylmethylsulfonyl fluoride, and 0.05 mg/ml of leupeptin-antipain), ground with a glass tissue homogenizer, and disintegrated with an ultrasonic sonicator. The homogenate was stirred overnight at 4ЊC and centrifuged at 10,000 rpm for 30 min at 4ЊC. The supernatant fluid was collected, aliquoted, and stored at Ϫ70ЊC until use. The protein concentration was determined by the method described by Lowry and others. 25 Enzyme-linked immunosorbent assay. The ELISA was performed as described previously. 26 Wells of ELISA plates (Nunc, Roskilde, Denmark) were coated overnight at 4ЊC with 100 l of L 3 antigens (2.5 g/ml in carbonate buffer, pH 9.6). After five washes with PBS containing 0.05% Tween 20 (PBS-T), the wells were incubated with 100 l of diluted sera (1:40 in PBS-T) for 30 min at 37ЊC. The unbound antibodies were washed away as above. One hundred microliters of peroxidase-conjugated goat anti-human IgG (1:2,000 diluted in PBS-T; Cappel, Organon Teknika N.V., Turnhout, Belgium) was added to the wells and allowed to incubate for 30 min at 37ЊC. After another five washes, 100 l of the substrate solution (0.4 mg/ml o-phenylenediamine, 0.001% H 2 O 2 in citrate buffer, pH 5.0) was added to the wells and left in dark for 30 min. The reaction was stopped by adding 50 l of 8 N H 2 SO 4 to each well. The reactivity was determined by measuring the optical density at 490 nm using a microplate ELISA reader (Biotek, Winooski, VT).
Western blot analysis. Proteins of somatic extract of L 3 were separated by 8-20% gradient sodium dodecyl sulfatepolyacrylamide gel electrophoresis 27 and electroblotted onto nitrocellulose (NC) membranes (pore size ϭ 0.45 m). 28 The amount of the proteins loaded onto the gel was 20 g per 1 cm width of the gel. The NC membranes were blocked with PBS containing 0.3% Tween 20 for 30 min at room temperature and cut into 4-mm wide strips. The NC strips were allowed to react with human sera (1:40 dilution) for 90 min at room temperature followed by three 10-min washes with PBS-T. The strips were then incubated with peroxidase-conjugated goat anti-human IgG (1:2,000 dilution) for 60 min at room temperature followed by three washes with PBS-T and one wash with PBS. The strips were finally developed in the substrate solution (0.5 mg/ml of 3,3'-diaminobenzidine, 0.003% H 2 O 2 in PBS) for 10 min. The reaction was stopped by washing the strips in distilled water.
Statistical analysis. The difference between percent positive by the agar plate culture on each day and that on day 0 of examination was determined for statistical significance by estimating 95% confidence intervals for the difference between two proportions. 29, 30 
RESULTS
The preliminary screening of stool specimens by the agar plate culture showed that 97 (38.8%) of 250 subjects were infected with S. stercoralis. In contrast, only 19 subjects (7.6%) were positive for S. stercoralis by the formalin-ether concentration method. All 19 subjects were also positive by the agar plate culture. Sixty subjects were selected from the agar plate culture-negative group (group 1) and another 60 subjects from the agar plate culture-positive group (group 2) for follow-up stool examinations for four and eight weeks, respectively. At the end of the study, 51 and 56 subjects of groups 1 and 2, respectively, had contributed stool specimens throughout the follow-up periods. Five subjects in group 1 converted to give positive agar plate cultures for S. stercoralis in 1-3 of the six examinations (Tables 1 and 2 ). Analysis of the data on each day of examination in group 1 showed that 0-5.9% of the subjects were positive for S. stercoralis over the four-week follow-up period (Table 2 ). Follow-up stool examinations by the agar plate culture in group 4  6  8  10  11  12  14  15  17  20  21  22  26  27  28  29  30  33  35  36  39  41  44  46  50  52 1  2  6  1  3  2  2  3  3  2  3  5  4  3  6  1  1  1  1  3  1  2  4  4  2  1  1 Total number of positive examinations 68 * Only subjects in whom larvae could be detected by this method are shown. † No. of positive examinations in each subject. ‡ Indicates the presence of Ͻ100 larvae/gram of feces (because they were positive by agar plate culture but could not be detected by this method). § Indicates the absence of larvae in feces (because they were negative by agar plate culture).
2 showed that S. stercoralis larvae were detected in 87.5-96.4% of the subjects over the eight-week period ( Table 3) . The results of the agar plate culture on each day of examination in both groups were not statistically different from those on their corresponding day 0 as determined by 95% confidence intervals for the difference between proportions (Tables 2 and 3 ). All subjects in group 2 were positive for S. stercoralis at least once during the follow-up period. Most (85.7%) of the subjects had positive stool specimens on 7-8 occasions (Table 1). Stool specimens from the subjects in group 2 were also examined by the standard direct smear to assess the patterns of larval excretion in the feces. The results show that S. stercoralis larvae could be detected by this method in only 27 subjects ( Table 4 ). The overall number of occasions that S. stercoralis larvae could be detected in the feces was 68 by the standard direct smear (Table 4) compared with 412 by the agar plate culture (Table 1 ). This indicates that there were 344 occasions with fewer than 100 larvae per gram of feces. The number of larvae found in the feces over the follow-up period may not vary much in individual subjects such as those 29 subjects whose stool specimens were negative by the standard direct smear. In these subjects, the variations were in the range of fewer than 100 larvae per gram of feces. The variations were greater in some cases, ranging from fewer than 100 to a few thousand larvae per FIGURE 1. Optical densities (mean of duplicates) of the ELISA of the sera from stool-negative subjects (Neg, n ϭ 43 * ), subjects infected only with Strongyloides stercoralis (Ss, n ϭ 55 † ), subjects infected with S. stercoralis and other intestinal parasites (Ss ϩ other, n ϭ 8 ‡ ), and subjects infected with other intestinal parasites (Other, n ϭ 12 § ). The horizontal solid lines represent mean optical density (OD) in each group. The dashed line represents the cut-off limit at 0.336 (mean OD of stool-negative subjects ϩ 2 SD). * All 43 subjects from group 1 whose stool samples were negative for S. stercoralis and other intestinal parasites upon repeated examinations; † 51 subjects from group 2 and four others from group 1 whose stool became culture positive for S. stercoralis upon follow-up; ‡ Five subjects from group 2, one from group 1, and two others from the unselected group; § Three subjects from group 1 and nine others from the unselected group. gram of feces (Table 4) . In one subject, it varied considerably from fewer than 100 to 23,200 larvae per gram of feces.
Analysis of the sera by the ELISA showed that two of 43 parasite-free subjects from group 1, 35 of 55 subjects (51 from group 2 and 4 from group 1) infected with only S. stercoralis, three of 12 subjects infected with other intestinal parasites, and four of eight subjects infected with S. stercoralis and other intestinal parasites were considered positive (Figure 1) . Taking only the parasite-free subjects (43 subjects) and the subjects infected with only S. stercoralis (55 subjects) into account, it was found that the ELISA for the detection of S. stercoralis infection in this study had a sensitivity of 63.6% and a specificity of 95.4%. Western blot analysis showed that the sera of the 55 subjects infected with only S. stercoralis reacted with several proteins of L 3 . The prominent proteins recognized by the sera had molecular weights of 28, 31, 41, and 205 kD ( Figure 2B ). The number of sera reactive with the 28-, 31-, 41-, and 205-kD proteins were 29 (52.7%), 16 (29.1%), 45 (81.8%), and 28 (50.9%), respectively. Most (31 of 45, 68.9%) of the reactivities to the 41-kD protein were relatively strong, whereas the reactivities to the 28-, 31-, and 205-kD proteins were either moderately strong or weak. The patterns of reactivities of the sera from the subjects infected with S. stercoralis and other parasites were very similar to those from the subjects infected with only S. stercoralis ( Figure 2B ). Most (45 of 55, 81.8%) of the sera from the 43 subjects free of intestinal parasites and the subjects with other intestinal helminthic infection did not recognize the proteins of L 3 except for some very weak reactivities with the 48-kD and 50-kD proteins (Figure 2A, lanes 5, 6, 9, 10, and 12 ) and the 41-kD protein (Figure 2A, lanes 10, 33, 45O, 52H, and 54T) . DISCUSSION This study has again demonstrated the superiority of the agar plate method in the detection of S. stercoralis over the formalin-ether concentration method. Previous studies have shown the sensitivity of the agar plate method to be 78-100%. [6] [7] [8] [9] [10] The sensitivities on various days of the follow-up examinations in this study were comparable, ranging from 87.5% to 96.4%. The percentages of positive agar plate cultures in group 2 on various days in comparison with that on day 0 were not statistically different, implying that the method was consistent in detecting S. stercoralis infection. The fluctuations of larval output observed with the standard direct smear did not have any effect on the consistency of the agar plate culture. Similarly, differences between the percentages of positive agar plate culture in group 1 on various days and that on day 0 were not statistically significant, confirming the consistency of the agar plate culture result found in group 2.
It has been previously reported that repeated stool examinations would increase the cumulative detection rates of S. stercoralis. Sato and others showed that the agar plate culture could detect S. stercoralis larvae only 57.8% of proven cases in a single examination. 21 However, when three consecutive stool specimens were examined, the detection rate increased to 84.8%. A recent study also demonstrated an increase in the sensitivity of the agar plate method from 70.3% to 96.2% for three consecutive daily examinations. 23 An earlier study, despite using a different diagnostic method, showed a similar increase in the detection rate upon repeated examinations. 3 In another study using the Baermann technique to examine eight consecutive weekly stool specimens, Dreyer and others found a similar trend of increasing positive rates from the initial 32.4% to a plateau at 66.7% over a four-week period. 22 The increase in the cumulative detection rate was also observed in our study. One of the dissimilarities that should be mentioned was that the initial positive rate in our study was very high (87.5%) compared with 32-70% found in those studies. [21] [22] [23] Our data also showed that a plateau at 98.2% was reached much earlier (on day 4) due to the already high initial detection rate. Another observation was that it took another 17 weeks for Dreyer and others to detect all remaining infections whereas it took us only another 52 days to detect all infections. The discrepancies observed here are difficult to explain by the different diagnostic methods used. Theoretically, the Baermann technique, which FIGURE 2. Western blot analysis of Strongyloides stercoralis filariform larva (L 3 ) antigens with the sera from A, stool-negative subjects (lanes 1-43), subjects with Taenia infection (lanes 44T and 53T-55T), Opisthorchis viverrini infection (lanes 45O-48O), and hookworm infection (lanes 49H-52H); and B, subjects with S. stercoralis infection only (lanes 1-47, 49 , 50, 53, 54, 57-59, and 61), S. stercoralis and hookworm infections (lanes 48H, 52H, 56H, and 63H), S. stercoralis and O. viverrini infections (lanes 51O and 62O), S. stercoralis, hookworm, and Enterobius vermicularis infections (lane 55HE), and S. stercoralis and Taenia infections (lane 60T). All sera were from the same subjects as in Figure 1 . Positions of prestained protein molecular weight markers in kilodaltons (Gibco-BRL, Gaithersburg, MD) are shown on the left.
examines about 5-6 times as much feces as the agar plate method, should be more sensitive than or at least as sensitive as the agar plate method. Therefore, the explanation for this could be the differences between the infected populations in these two studies. The differences might include the severity of infection, the degree of fluctuation of larval excretion, the interactions between host and parasite, and the environments. The age difference is evident between these two populations: male subjects of military age compared with villagers 15-85 years of age. To what degree the age difference might affect other factors is not known. The soldiers would be less susceptible to reinfection because of apparently less exposure to direct parasite contact during their military service. In contrast, the villagers staying in the same environment would be susceptible to reinfection. However, autoinfection could not be excluded in both populations.
This study also detected some infected individuals who were missed by the agar plate culture during the screening because five of 51 subjects who tested negative were found to be infected with S. stercoralis during the follow-up period. This could be explained either by the imperfectness of the agar plate method or by the fluctuation of larval excretion in the feces. The former explanation is supported by the fact that in some studies some of the stool specimens that were negative by the agar plate culture were positive by other less sensitive methods. 9, 10, 21 The latter was clearly demonstrated in this study by the standard direct smear. However, it was also possible that some of these five subjects might have already been infected with S. stercoralis but were still in the prepatent period during the screening and later excreted the larvae in the feces during the follow-up period.
In this study, the standard direct smear was used to assess the patterns of larval excretion in group 2. Over the eightweek follow-up period, this technique could quantitatively detect S. stercoralis larvae in 27 subjects. The data obtained clearly demonstrated slight to marked fluctuations of larval excretion in infected individuals. When these data were analyzed along with those obtained with the agar plate method, the majority of positive examination results (344 of 448 examinations) contained fewer than 100 larvae per gram of feces. It could be implied from these data that the other 29 subjects (51.8%) in group 2 who were negative by the standard direct smear had arbitrarily low-level infections. The basis for the fluctuations of larval excretion observed in this study is unknown and it is beyond the scope of this study to correlate the degrees and patterns of larval excretion to the clinical manifestations of infected individuals. The standard direct smear technique used in this study examines approximately 5 mg of stool specimen. Its accuracy in estimating the larval density will be affected by the distribution of the larvae in such a small amount of the feces. The accuracy could be improved by examining a larger amount of the feces. The standard direct smear with some modifications should be an appropriate method for studies involving the correlation between the larval output and the clinical manifestations and the evaluation of the drug treatment of strongyloidiasis.
The present study has also analyzed the sera of the subjects in both groups by an ELISA and Western blotting. Our data showed that the sensitivity of the ELISA was only 64.3% compared with 85-100% in most other studies. [11] [12] [13] [14] [15] [16] We believe this discrepancy is due to our rather high cut-off optical density for the ELISA. The high cut-off level could be due to the fact that some of the subjects regarded as parasite-free may have experienced other infections that induced antibodies cross-reacting with S. stercoralis antigens. Another possibility is a difference in the definition of positive cases. Our strongyloidiasis cases were those who were positive by the highly sensitive agar plate culture. In other studies, the diagnostic methods used were of relatively lower sensitivity (such as direct smear, Kato thick smear, HaradaMori culture, charcoal culture) or not reported. 4, [13] [14] [15] With the more sensitive diagnostic method, more cases with low titers of antibodies to Strongyloides, provided that the antibody titer increases with the severity of infection, will be included in the test results resulting in low sensitivity. However, the latter explanation may not be valid because we observed that the ranges of ELISA optical density were the same for the subjects with Ͻ 100 larvae/gram of feces and the subjects with Ͼ 100 larvae/gram of feces on at least one occasion. In any case, the low sensitivity of the ELISA is comparable with that in another study done a few years ago in an area near our study site. The sensitivity of the ELISA in that study was 53.6% (Keawvichit R and others, unpublished data). In contrast, another study with a different Thai population showed the sensitivity to be 95%. 15 The reactivities of S. stercoralis-infected sera with larval proteins by Western blotting showed a similar pattern of recognition to the prominent 28-, 31-, and 41-kD proteins as in previous studies. [17] [18] [19] We also observed an additional reactivity to the 205-kD protein in about half of the infected subjects. Interestingly, the sensitivity to the 41-kD protein (81.8%) was greater than that of the ELISA, indicating that the high cut-off level might have overshadowed the sensitivity of the ELISA in our study. The high sensitivity of detecting the 41-kD protein was also found in previous studies. [17] [18] [19] This observation suggests that purified or recombinant 41-kD protein may be useful in the ELISA. We did see a few weak reactivities with the 41-kD protein in the sera of other helminthic infections and parasite-free individuals. These reactivities might reflect decreasing antibody responses following resolved infection or a very recent exposure or simply cross-reactions.
In conclusion, our study has shown that the agar plate method is very consistent in the detection of S. stercoralis infection. The data suggest that a single examination of stool specimens by the agar plate culture would detect most of the S. stercoralis infections, and that repeated examinations would increase the sensitivity. However, the latter may not be necessary because they would not increase the detection rates significantly from that of the first examination. Fluctuations of larval output in the feces of infected individuals were demonstrated by the standard direct smear. Thus, development of a simple, reliable, and sensitive technique for quantitating the larval output should be further investigated.
